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Duplex velocity criteria for native celiac/superior
mesenteric artery stenosis vs in-stent stenosis
Ali F. AbuRahma, MD,a Albeir Y. Mousa, MD,a Patrick A. Stone, MD,a Stephen M. Hass, MD,a
L. Scott Dean, PhD,b and Tammi Keiffer, RN,b Charleston, WVa
Background: Duplex velocity criteria (DVC) to identify in-stent celiac artery (CA) and superior mesenteric artery (SMA)
stenosis is not well defined. Only one study has been published which concluded that DVC for native SMA stenosis
overestimated stenosis in stented SMAs. The purpose of this studywas to analyzeDVC in detectingCA/SMA in-stent stenosis
(ISS).
Methods: Forty-three patients with 62 stents (32 SMAs and 30CAs), who had concurrent postoperative duplex ultrasound
scan and angiograms for significant ISS by DVC were analyzed. A receiver operator curve (ROC) analysis was used to
determine optimal DVC (peak systolic velocity [PSV], end-diastolic velocity [EDV], and CA or SMA/aortic systolic
ratios) for detecting>50% and>70% ISS. These were compared to duplex velocities obtained from 97 native CAs and 74
native SMAs with >50% stenosis done in the same study period.
Results: The mean stented celiac PSV (cm/s), EDV, and systolic ratio for >50% ISS were 447, 136, and 7.1 vs 379, 104,
and 5.2 for >50% native stenosis (P  .067, .106, and < .01). The mean stented SMA PSV, EDV, and ratio for >50%
ISS were 410, 114, and 6.2 vs 405, 76, and 2.0 for >50% native stenosis (P  .885, .037, and < .0001). The PSV
cutpoints for detecting>50% SMA ISS was 325 cm/s (sensitivity 89%, specificity 100%, and overall accuracy 91%) vs 295
cm/s for>50% native SMA and for>70% SMA ISS was 412 (sensitivity 100%, specificity 95%, and overall accuracy 97%)
vs 400 for native stenosis. The PSV cutpoints for>50%CA ISSwas 274 cm/s (sensitivity 96%, specificity 86%, and overall
accuracy 93%) vs 240 cm/s for>50% native stenosis and for>70% CA ISS was 363 (sensitivity 88%, specificity 92%, and
overall accuracy 90%) vs 320 cm/s for native stenosis (sensitivity 80, specificity 89%, and overall accuracy 85%). ROC
analysis also showed that both PSVs and EDVs were equal predictors for SMA and CA >50% and >70% ISS. For >50%
SMA ISS, the area under the curve (AUC) for PSV equals 0.91, EDV  0.81, P  .341. For CA, PSV, AUC  0.99,
EDV  0.88, P  .063.
Conclusions: There is a tendency toward higher velocities in stented CA/SMAs in comparison to native arteries. Caution
must be exercised in using duplex velocity cutoffs for native CA/SMA stenosis for stented CA/SMA. Further prospective
validation studies are needed. (J Vasc Surg 2012;55:730-8.)
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aDuplex ultrasound scans have been used for the diagnosis
of superiormesenteric artery (SMA)/celiac artery (CA) steno-
sis for over 2 decades. Appropriate threshold velocities for
defining various degrees of stenoses have been analyzed, lead-
ing to the use of specific peak systolic velocities (PSV), end-
diastolic velocities (EDV), and/or CA or SMA/aortic systolic
ratios for various categories of native CA/SMA stenosis.1,2
Meanwhile, CA/SMA stenting has been proposed as an alter-
native to open revascularization of the mesenteric arteries in
patients with chronic mesenteric ischemia.3 Despite the fact
that duplex ultrasound scans have been used to evaluate the
incidence of CA/SMA stenosis, its role in determining the
incidence of CA/SMA in-stent stenosis (ISS) is debatable. It
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730as been speculated that stents may decrease the compliance
f the visceral arteries, therefore causing elevated PSVs, even
n patients with normal arteries.4 These findings have been
xtensively studied and confirmed in patients with carotid
tents,5-9 and similar observations have also been noted in
atients with renal stenting.10
Previously, we reported a relatively high incidence of ISS
fter percutaneous transluminal angioplasty/stenting of the
MA andCA, and several authorities felt that might be attrib-
ted to overestimation of the stenosis because we used the
ame duplex velocities that we use for native arteries.11
To the best of our knowledge, there has only been one
tudy published on this subject, and it concluded that the
uplex velocity criteria used to determine native SMA
tenoses overestimated stenoses in stented SMA arteries.4
herefore, our present study defines the duplex velocity
riteria that can be used in detecting CA/SMA ISS.
ETHODS
Forty-three patients who underwent 62 stents (32
MAs and 30 CAs) during a recent 12-year period (Sep-
ember 1998 to August 2010) and had both concurrent
ate postoperative duplex ultrasound scans and selective
A/SMA angiograms that were analyzed. This study was
pproved by the Institutional Review Board of Charleston
rea Medical Center/West Virginia University, Charles-
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Volume 55, Number 3 AbuRahma et al 731ton, West Virginia. The indications for CA/SMA stenting
included patients with symptomatic chronic mesenteric
ischemia that was associated with 70% stenosis based on
angiography. All patients underwent preoperative duplex
ultrasounds using an ATL HDI 5000 Philips System
(Bothell, Wash) in our Intersocietal Commission for the
Accreditation of Vascular Laboratories-accredited labora-
tory with or without magnetic resonance angiography/
computed tomography angiography before conventional/
selective visceral arteriography. Every effort was made for
these patients to undergo poststenting duplex ultra-
sound scans at 1 month, 6 months, and every 12 months
thereafter.
All Doppler spectra were obtained using a Doppler
sample volume of 1 to 1.5 mm and a Doppler angle of 60
degrees or less. The examination included grayscale B-
mode and color imaging of the CA/SMA. Stent velocities
were measured in three locations (proximal, middle, and
distal) within the mesenteric stent, as well as distal to the
stent. The highest measurements of the PSVs and EDVs
were recorded. Aortic velocities were taken at the abdom-
inal aorta, the level of the visceral arteries, and the mesen-
teric/aortic systolic ratios were recorded. Patients with
duplex ultrasound scan velocities compatible with 70%
stenoses, based on Moneta et al1 criteria (a PSV of 275
cm/s for SMA and200 cm/s for CA), or patients with no
improvement of their chronic mesenteric ischemia symp-
toms underwent conventional/selective mesenteric an-
giography to confirm the diagnosis. All patients were symp-
tomatic, except for three who had 70% stenosis of both
the CA and SMA, based onMoneta’s criteria. These angio-
grams were done by board-certified vascular surgeons or
board-certified vascular interventionalists.
For practical purposes, angiographic stenoses were clas-
sified into normal to30% stenosis, 30% to50% stenosis,
50% to 70% stenosis, 70 to 99% stenosis, and total
occlusion. The view that demonstrated the most severe
stenosis on angiography was used for quantitative measure-
ment using electronic calipers. The percentage of stenosis
was determined by using the minimal luminal diameter
divided by the reference vessel diameter (the diameter of
the nearest normal-appearing segment distal to the steno-
sis) and expressed as a percentage. The same method was
used to measure ISS: the percentage of ISS was determined
by using the narrowest in-stent diameter divided by the
normal-appearing stent diameter distal to the ISS or the
distal normal-appearing native visceral artery.
This study only analyzed patients with concurrent du-
plex ultrasound scans that were done within 30 days of
selective visceral angiography. An independent observer
whowas blinded to the duplex ultrasound scan findings was
used for the interpretation of the selective mesenteric
angiography.
The stent velocities were also compared to duplex
velocities obtained from 105 native CAs and 84 native
SMAs with 50% stenosis based on angiographies which
were done during the same study period at the same
institution.12 vStatistical analysis. The data analysis was performed
sing SAS 9.2 and SigmaPlot 10 (SAS Institute, Cary, NC).
he velocity data were expressed as a mean/median plus or
inus SD. T-tests (Kruskal-Wallis test) were used to com-
are the means (medians) of PSVs, EDVs, and celiac/aortic
nd SMA/aortic ratios to the stenosis. Receiver operator
urve (ROC) characteristics were used to compare angio-
raphic data with velocity measurements to determine the
ptimum velocity criteria to use for detecting 50% and
70% stenosis, which includes total occlusion as diagnosed
y no flow in themesenteric vessel. Themethod of DeLong
ndClarke-Pearson was used to compare ROC areas for the
aired data. The difference of each area pair and its SE and
5% confidence interval were computed. This was followed
y the 2 statistic for the area comparison and its associated
value. The sensitivity, specificity, positive predictive value
PPV), negative predictive value (NPV), and overall accu-
acy (OA) were determined for specific PSV and EDV
alues and celiac/aortic or SMA/aortic systolic ratios. A
ignificance level of 0.05 was used to determine statistical
ignificance.
ESULTS
This study included 43 patients (62 stents: 32 SMAs and
0 CAs) who had concurrent duplex ultrasound scans and
ngiography for comparison. Themean follow-up was 33.3
onths (range, 1-124 months). The 32 SMA stents in-
luded: five normal, one with 30% to 50% stenosis, 12
ith 50% to70% stenosis, 10 with70% to 99%, and four
cclusions, based on angiography. The 30 CA stents in-
luded: six normal, one with 30% to50% stenosis, six with
0% to 70% stenosis, 15 with 70% to 99% stenosis, and
wo occlusions based on angiography. The velocity data of
hese stented arteries were compared to duplex velocities
btained from 105 native (nonstented) CAs and 84 native
MAs with 50% stenosis (based on angiography), which
ere done during the same period.
Twenty-three CA stents had PSVs of 200 cm/s
70% stenosis based on Moneta criteria): 15 had 70%
ngiographic stenosis, six had 50% to 69% stenosis, and two
ad 50% stenosis. Five CA stents had a PSV of 200
m/s (70% stenosis based onMoneta criteria) and all had
ormal or 50% stenosis on angiograms. Twenty-one
MA stents had PSVs of275 cm/s (70% stenosis based
n Moneta criteria): 10 had 70% angiographic stenosis,
ine had 50% to 69% stenosis, and two had50% stenosis.
even SMA stents had a PSV of275 cm/s (70% stenosis
ased on Moneta criteria): three had 50% to 69% angio-
raphic stenosis and four had normal angiograms. The PPV
or theMoneta criteria in detecting70% SMA andCA ISS
as 41% and 63%, respectively.
Table I summarizes the mean and median velocities
PSVs, EDVs, and CA or SMA/aortic systolic ratios) for
he stented and native CAs and also for the stented and
ative SMAs. It should be noted that the mean stented CA
SV (cm/s), EDV, and CA/aortic systolic ratio for 50%
SS were 447, 136, and 7.1 (median of 428, 105, and 6.4)
s 379, 104, and 5.2 (median of 335, 77, and 4.8) for
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March 2012732 AbuRahma et al50% native stenosis (P .067, .106, and .01). The mean
stented SMA PSV, EDV, and SMA/aortic systolic ratio for
50% ISS were 410, 114, and 6.2 (median of 377, 78, and
5.4) vs 405, 76, and 1.9 (median of 401, 60, and 2.0) for
50% native stenosis (P  .885, 0.037, and  .0001).
Table II summarizes and compares the mean and me-
dian velocities for 50% vs 50% stenosis of the stented
CAs and SMAs.
Tables III and IV summarize the sensitivity, specificity,
PPV, NPV, and OA for various velocity thresholds for
detecting CA and SMA 50% ISS. The PSV velocity cut-
point with the best overall accuracy for 50% CA ISS was
274 cm/s (a sensitivity of 96%, a specificity of 86%, and an
OA of 93%) in contrast to 240 cm/s for 50% native
Table I. Mean and median velocities for stented and nativ
Variable Mean Median
Celiac PSV
50 native stenosis 379 335
50 stenting stenosis 447 428
Celiac EDV
50 native stenosis 104 77
50 stenting stenosis 136 105
Celiac/aortic PSV ratio
50 native stenosis 5.2 4.8
50 stenting stenosis 7.1 6.4
SMA PSV
50 native stenosis 405 401
50 stenting stenosis 410 377
SMA EDV
50 native stenosis 76 60
50 stenting stenosis 114 78
SMA/aortic PSV ratio
50 native stenosis 1.9 2.0
50 stenting stenosis 6.2 5.4
CA, Celiac artery; EDV, end-diastolic velocity; PSV, peak systolic velocity; S
Table II. Mean velocities for 50% vs 50% stenosis of s
Variable Mean Median
Celiac PSV
50 173 167
50 447 428
Celiac EDV
50 36 38
50 136 105
Celiac/aortic PSV
50 2.3 2.2
50 7.1 6.4
SMA PSV
50 220 214
50 410 377
SMA EDV
50 34 27
50 114 78
SMA/aortic PSV
50 3.1 2.6
50 6.2 5.4
CA, Celiac artery; EDV, end-diastolic velocity; PSV, peak systolic velocity; Sstenosis (sensitivity 88%, specificity 83%, OA 87%).12 The 9SV cutpoint with the best OA for detecting 50% SMA
SS was 325 cm/s (a sensitivity of 89%, a specificity of
00%, and anOA of 91%). This was in contrast to 295 cm/s
or 50% native SMA stenosis (sensitivity 87%, specificity
9%, OA 88%).12
Tables V and VI summarize the sensitivity, specificity,
PV, NPV, and OA for various velocity thresholds in
etecting CA and SMA 70% ISS. The PSV cutpoint with
he best overall accuracy for70% CA ISS was 363 cm/s (a
ensitivity of 88%, a specificity of 92%, and an OA of 90%),
n contrast to 320 cm/s for70% native stenosis (sensitiv-
ty of 80%, specificity of 89%, and OA of 85%).12 The PSV
utpoint with the best OA for detecting 70% ISS of the
MA was 412 cm/s (a sensitivity of 100%, a specificity of
and SMA
SD Min Max P value
149.7 52 880 .0670
158.4 205 903
77.7 18 463 .1058
99.2 25 438
2.7 0.4 14.5  .001
3.6 1.7 14.5
124.9 150 783 .885
177.4 119 975
54.9 18 375 .0366
112.8 20 423
1.6 0.2 7.4  .0001
3.4 0.8 13.9
uperior mesenteric artery.
d CA and SMA
SD Min Max P value
62.12 96 283 .0001
58.41 205 903
13.53 13 51 .003
99.16 25 438
0.72 1.17 3.4 .0007
3.61 1.69 14.5
70.85 139 295 .0025
77.42 119 975
15.33 22 60 .0211
12.81 20 423
2.13 0.79 6.8 .0412
3.42 0.76 13.9
uperior mesenteric artery.e CAtente
1
1
15%, and an OA of 97%) in contrast to 400 cm/s for native
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85%).
Table VII summarizes the optimal velocity values for
detecting 50% and 70% ISS for CAs and SMAs.
ROC analysis. Fig 1 is the ROC for50% SMA ISS.
As noted, the area under the curve (AUC) was 0.91 for
PSVs, 0.81 for EDVs, and 0.78 for the SMA/aortic
systolic ratio (PSV vs EDV – P  .3405; PSV vs SMA/
aortic systolic ratio – P  .1817; EDV vs SMA/aortic
systolic ratio – P  .8126). Similarly, Fig 2 shows the
ROC for detecting 70% SMA ISS, where the AUC was
0.97 for PSVs, in contrast to 0.90 for the EDVs, and
0.86 for the ratio (PSV vs EDV – P  .2949; PSV vs
SMA/aortic systolic ratio – P  .1470; EDV vs SMA/
aortic systolic ratio – P  .7587). The ROC analysis
showed that both the PSV and EDV were equal predic-
tors for detecting 50% and 70% SMA ISS. Similarly,
Figs 3 and 4 show the ROC curve for 50% and 70%
CA ISS where there were no significant differences be-
tween the PSV, EDV, or the CA/aortic systolic ratio.
DISCUSSION
Since its inception in 1980,13 catheter-based therapy
Table III. Sensitivity, specificity, PPV, NPV, and OA for
50% Restenosis
Sensitivity 95% CI SGroup ()
Celiac PSV 136 100 100-100
Celiac PSV 167 100 100-100
Celiac PSV 200 100 100-100
Celiac PSV 274 96 87.3-104
Celiac PSV 283 91 79.8-102.8
Celiac PSV 301 91 79.8-102.8
Celiac PSV 308 87 73.2-100.7
Celiac PSV 312 83 67.1-98.1
Celiac PSV 322 78 61.4-95.1
Celiac EDV 38 87 73.2-100.7
Celiac EDV 40 87 73.2-100.7
Celiac EDV 42 83 67.1-98.1
Celiac EDV 50 83 67.1-98.1
Celiac EDV 51 83 67.1-98.1
Celiac EDV 58 83 67.1-98.1
Celiac EDV 70 78 61.4-95.1
Celiac EDV 75 74 56-91.9
Celiac EDV 90 70 50.8-88.4
CA PSV ratio 2.19 95 86.1-104.4
CA PSV ratio 2.57 95 86.1-104.4
CA PSV ratio 2.77 95 86.1-104.4
CA PSV ratio 2.9 91 77.9-103.0
CA PSV ratio 3.41 91 77.9-103.0
CA PSV ratio 3.52 91 77.9-103.0
CA PSV ratio 4.8 86 70.8-100.7
CA PSV ratio 4.88 81 64.2-97.8
CA PSV ratio 4.97 76 58-94.4
CA PSV ratio 5.03 71 52.1-90.8
CA PSV ratio 5.58 67 46.5-86.8
C/A,CA/aortic systolic ratio;CA, celiac artery;CI, confidence interval; EDV
overall accuracy; PPV, positive predictive value; PSV, peak systolic velocity.
Bold indicates optimal cutoff values for PSV, EDV, and ratios in detectinghas evolved as an alternative intervention for patients Cith symptomatic mesenteric ischemia. The feasibility and
ntermediate patency of mesenteric artery percutaneous
ransluminal angioplasty/stenting has been demonstrated in
ultiple studies.11,14-18 Many authors11,14-18 have shown
mprovement in perioperative mortality (0% to 7.7%),
ate complications (2% to 30%), hospital utilization, and
ong-term symptom relief in comparison to open repair.
n one review, the national in-hospital mortality for open
urgical revascularization for patients with chronic mes-
nteric ischemia from 1988 to 2006 (16,071 proce-
ures) was 13% compared to 3.7% for 6342 endovascular
evascularizations (P  .01).3 Also, when procedures
ompleted from 2000 to 2006 were separated and eval-
ated, the in-hospital mortality rate was 3.7% for endo-
ascular revascularizations and 15% for open surgical
evascularizations (P  .001).
Various Doppler scan threshold velocities have been
nalyzed to determine specific PSVs or EDVs to define
arious degrees of native mesenteric artery stenosis.19-24
oneta and colleagues compared mesenteric artery du-
lex velocities with mesenteric angiograms and found
hat an SMA PSV of 275 cm/s (sensitivity 92%, spec-
ficity 96%, PPV 80%, NPV 99%, and OA of 96%) and a
us velocity thresholds for detecting 50% CA ISS
city 95% CI PPV NPV Accuracy
4.9 to 62.0 82 100 83
6.2-79.5 85 100 87
20.5-93.8 89 100 90
59.8-111.6 96 86 93
59.8-111.6 96 75 90
100-100 100 78 93
100-100 100 70 90
100-100 100 64 87
100-100 100 58 83
6.2-79.5 83 50 77
20.5-93.8 87 57 80
20.5-93.8 86 50 77
38-104.9 91 56 80
59.8-111.6 95 60 83
100-100 100 64 87
100-100 100 58 83
100-100 100 54 80
100-100 100 50 77
6.2-79.5 83 75 82
20.5-93.8 87 80 86
38-104.9 91 83 89
38-104.9 91 71 86
59.8-111.6 95 75 89
100-100 100 78 93
100-100 100 70 89
100-100 100 64 86
100-100 100 58 82
100-100 100 54 79
100-100 100 50 75
diastolic velocity; ISS, in-stent stenosis;NPV, negative predictive value;OA,
d SMA ISS.vario
pecifi
29
43
57
86
86
100
100
100
100
43
57
57
71
86
100
100
100
100
43
57
71
71
86
100
100
100
100
100
100
, end-A PSV of200 cm/s or no flow signal (sensitivity 87%,
s
s
d
i
c
f
s

I
s
n
w
9
s
r
s
v
n
S
g
(
p
e
esent
CA an
JOURNAL OF VASCULAR SURGERY
March 2012734 AbuRahma et alspecificity 80%, PPV 63%, NPV 94%, and OA 82%) are
reliable indicators for detecting 70% or greater angio-
graphic stenosis of the CA/SMA, respectively.21,22
Zwolak et al2 showed that an EDV 45 cm/s was the
best indicator for severe SMA stenosis (sensitivity 100%
and specificity 92%). A PSV300 cm/s was less sensitive
(63%) but highly specific (100%) for severe SMA steno-
sis.24 They also demonstrated that retrograde common
hepatic artery flow direction was 100% predictive of
severe CA stenosis or occlusion. An EDV of 55 cm/s
or no flow signal of the CA had the best OA (95%), with
a high sensitivity (93%) and specificity (100%). Meanwhile, a
PSV200 cm/s or no flow signal had an accuracy of 93%, a
sensitivity of 93%, and a specificity of 94%.2
At the present time, there are no standard duplex scan
criteria for the detection of CA/SMA ISS. Although the
stent material is highly reflective, it does not produce any
significant artifact to limit duplex ultrasound scan visualiza-
tion of the stent and detailed characterization of ISS. How-
ever, as has been illustrated in other arterial beds (carotid5-9
or renal artery10), duplex ultrasound scans overestimate
velocities after stenting, even in normal arteries. It has been
speculated that stents may decrease the compliance of the
native artery, and, because the plaque is not removed with
stenting, this may add to decreased compliance and ele-
Table IV. Sensitivity, specificity, PPV, NPV, and OA for v
Group () Sensitivity 95% CI S
SMA PSV 164 96 88.8-103.6
SMA PSV 168 96 88.8-103.6
SMA PSV 177 96 88.8-103.6
SMA PSV 208 92 82.1-102.6
SMA PSV 260 89 76.2-100.7
SMA PSV 294 89 76.2-100.7
SMA PSV 295 89 76.2-100.7
SMA PSV 325 89 76.2-100.7
SMA PSV 328 85 70.8-98.5
SMA PSV 331 81 65.6-95.9
SMA PSV 336 77 60.7-93.1
SMA PSV 337 73 56.0-90.1
SMA EDV 23 92 81.4-102.6
SMA EDV 26 92 81.4-102.6
SMA EDV 27 92 81.4-102.6
SMA EDV 30 88 75.3-100.7
SMA EDV 32 84 69.6-98.4
SMA EDV 44 80 64.3-95.7
SMA EDV 45 76 59.3-92.7
SMA EDV 48 76 59.3-92.7
SMA EDV 50 72 54.4-89.6
S/A PSV ratio 0.79 96 88.3-103.7
S/A PSV ratio 1.87 96 88.3-103.7
S/A PSV ratio 2.11 92 81.4-102.6
S/A PSV ratio 2.78 88 75.3-100.7
S/A PSV ratio 3.46 88 75.3-100.7
S/A PSV ratio 3.47 84 69.6-98.4
S/A PSV ratio 4.14 80 64.3-95.7
S/A PSV ratio 4.22 76 59.3-92.7
CI,Confidence interval; EDV, end-diastolic velocity; ISS, in-stent stenosis;N
PSV, peak systolic velocity; S/A, SMA/aortic systolic ratio; SMA, superior m
Bold indicates optimal cutoff values for PSV, EDV, and ratios in detectingvated velocities.5,11 pIn our present study, concurrent duplex ultrasound
cans and mesenteric angiograms were compared in 62
tents (32 SMAs and 30 CAs), and the PSV cutpoint for
etecting 50% SMA ISS was 325 cm/s with a sensitiv-
ty of 89%, specificity of 100%, and an OA of 91% vs 295
m/s for 50% native SMA stenosis. The PSV cutpoint
or 50% CA ISS was 274 cm/s (a sensitivity of 96%, a
pecificity of 86%, and an OA of 93%) vs 240 cm/s for
50% native stenosis. The cutpoint for detecting 70%
SS of the SMA was 412 cm/s (a sensitivity of 100%, a
pecificity of 100%, and an OA of 97%) vs 400 cm/s for
ative SMA stenosis. The PSV cutpoint for70% CA ISS
as 363 cm/s, with a sensitivity of 88%, a specificity of
2%, and an OA of 90%.
There has only been one study published on this
ubject, which concluded that duplex scan velocity crite-
ia for native SMA stenoses overestimated stenoses in
tented SMA arteries.4 Mitchell et al4 reported on a
alidation study of duplex scan criteria for high-grade
ative artery SMA stenosis and duplex scan results after
MA stent placement and correlated these with angio-
rams and angiographic-measured pressure gradients
pre-SMA and post-SMA stent placement). Thirty-five
atients with symptoms consistent with mesenteric isch-
mia were treated with SMA stents. Preintervention
s velocity thresholds for detecting 50% SMA ISS
city 95% CI PPV NPV Accuracy
13.2 to 46.5 83 50 81
4.4 to 71.1 86 67 84
10-90.0 89 75 88
10-90.0 89 60 84
10-90.0 89 50 81
29-104.4 92 57 84
53.5-113.2 96 63 88
100-100 100 67 91
100-100 100 60 88
100-100 100 55 84
100-100 100 50 81
100-100 100 46 78
13.2 to 46.5 82 33 77
4.4 to 71.1 85 50 81
10-90.0 89 60 84
29-104.4 92 57 84
29-104.4 91 50 81
29-104.4 91 44 77
29-104.4 91 40 74
53.5-113.2 95 46 77
53.5-113.2 95 42 74
0-0 80 0 77
13.2 to 46.5 83 50 81
4.4 to 71.1 85 50 81
10-90.0 88 50 81
29-104.4 92 57 84
29-104.4 91 50 81
29-104.4 91 44 77
53.5-113.2 95 46 77
gative predictive value;OA, overall accuracy; PPV, Positive predictive value;
eric artery.
d SMA ISS.ariou
pecifi
17
33
50
50
50
67
83
100
100
100
100
100
17
33
50
67
67
67
67
83
83
0
17
33
50
67
67
67
83
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Volume 55, Number 3 AbuRahma et al 735patent, SMAs with an average of 57  38 mm Hg
(range, 15-187 mm Hg). Eighteen patients had SMA
duplex scans before angiography, and 17 demonstrated
an SMA PSV 275 cm/s or no flow (mean, 450  152
cm/s in patent arteries; range, 256-770 cm/s). Poststent
placement angiography demonstrated 30% SMA ste-
nosis in all 35 patients. Poststent pressure gradients were
obtained in 22 patients and averaged 11  13 mm Hg
(range, 0-45 mm Hg; P  .001, compared to prestent
pressure gradients in a paired test) and these were ele-
vated in patients with 60% celiac artery stenosis com-
pared with those with 60% celiac artery stenosis (P  .006).
Mean early poststent duplex scan PSVs obtained in 13
patients were 336  45 cm/s (range, 279-416 cm/s; P 
.011 compared to prestent PSVs). They concluded that
SMA stenting significantly reduces measured pressure gra-
dients. SMA PSVs obtained by duplex scans were reduced
after stent placement, but despite good angiographic re-
sults, remained above criteria predicting high-grade native
artery SMA stenosis. They determined that duplex scan
criteria developed to identify high-grade native artery SMA
Table V. Sensitivity, specificity, PPV, NPV, and OA for va
Group () Sensitivity 95% CI
Celiac PSV 205 100 100-100
Celiac PSV 274 100 100-100
Celiac PSV 283 100 100-100
Celiac PSV 308 94 82.9-105.3
Celiac PSV 312 94 82.9-105.3
Celiac PSV 363 88 72.9-103.6
Celiac PSV 393 82 64.2-100.5
Celiac PSV 428 77 56.3-96.6
Celiac PSV 444 71 48.9-92.3
Celiac PSV 479 65 42-87.4
Celiac PSV 500 59 35.4-82.2
Celiac EDV 51 88 72.9-103.6
Celiac EDV 58 88 72.9-103.6
Celiac EDV 70 88 72.9-103.6
Celiac EDV 90 82 64.2-100.5
Celiac EDV 100 77 56.3-96.6
Celiac EDV 105 77 56.3-96.6
Celiac EDV 134 71 48.9-92.3
Celiac EDV 147 65 42-87.4
Celiac EDV 150 59 35.4-82.2
Celiac EDV 172 53 29.2-76.7
C/A PSV ratio 2.19 100 100-100
C/A PSV ratio 2.57 100 100-100
C/A PSV ratio 2.77 100 100-100
C/A PSV ratio 2.9 100 100-100
C/A PSV ratio 3.41 100 100-100
C/A PSV ratio 4.8 94 81.9-105.6
C/A PSV ratio 4.97 88 71.3-103.7
C/A PSV ratio 5.58 81 62.1-100.47
C/A PSV ratio 5.75 81 62.1-100.47
C/A PSV ratio 6.4 75 53.8-96.2
C/A PSV ratio 7.53 69 46.0-91.5
C/A PSV ratio 7.78 63 38.8-86.2
C/A PSV ratio 7.87 56 31.9-80.6
C/A,CA/aortic systolic ratio;CA, celiac artery;CI, confidence interval; EDV
overall accuracy; PPV, positive predictive value; PSV, peak systolic velocity.
Bold indicates optimal cutoff values for PSV, EDV, and ratios in detectingstenosis are accurate in predicting high-grade native artery tMA stenosis but overestimates stenosis in stented SMAs.
hey felt that new duplex scan criteria are required to
redict high-grade stenosis in stented SMAs.4
Unlike our present study, this study and others25 lack a
eliable ROC analysis of their velocities; in addition there
re diverse degrees of ISS between the angiogram, pressure
radient, and pre- and postduplex ultrasound scans.
In our present study, we used an ROC to plot the
ensitivity vs specificity, allowing classification of individual
elocities into probable stenosis categories. Clinicians who
xamine our ROC analysis data can select thresholds with a
igh NPV and sensitivity, to ensure that fewer patients with
SS will be missed usingmesenteric duplex ultrasound scan.
or example, if a clinician wanted to select a threshold with a
igher NPV than the recommendation, Tables III-VI can be
sed to select an appropriate threshold. Clinicians can also
elect thresholds with a high PPV to ensure that fewer patients
ith ISS will undergo unnecessary angiography. Our ROC
nalysis also showed that both PSVs and EDVs were equal
redictors for detecting50% and70% CA and SMA ISS.
This study is considered the largest series in the litera-
s velocity thresholds for detecting 70% CA ISS
ificity 95% CI PPV NPV Accuracy
46 19.1-73.3 71 100 77
54 26.8-81 74 100 80
62 35.1-88 77 100 83
69 44.1-94.3 80 90 83
77 54.0-99.8 84 91 87
92 77.8-106.8 94 86 90
00 100-100 100 81 90
00 100-100 100 77 87
00 100-100 100 72 83
00 100-100 100 68 80
00 100-100 100 65 77
62 35.1-88 75 80 77
69 44.1-94.3 79 82 80
77 54.0-99.8 83 83 83
85 65-104.2 88 79 83
92 77.8-106.8 93 75 83
00 100-100 100 77 87
00 100-100 100 72 83
00 100-100 100 68 80
00 100-100 100 65 77
00 100-100 100 62 73
33 6.7-60.0 67 100 71
42 13.8-69.6 70 100 75
50 21.7-78.3 73 100 79
58 30.4-86.2 76 100 82
67 40-93.3 80 100 86
75 50.5-99.5 83 90 86
83 62.3-104.4 88 83 86
92 76.0-107.3 93 79 86
00 100-100 100 80 89
00 100-100 100 75 86
00 100-100 100 71 82
00 100-100 100 67 79
00 100-100 100 63 75
diastolic velocity; ISS, in-stent stenosis;NPV, negative predictive value;OA,
d SMA ISS.riou
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velocity cutpoints for the degree of mesenteric ISS; how-
ever, it still has some limitations because it is retrospective
and data collection was dependent on chart review. A
second limitation is that the duplex scan criteria used to
define mesenteric ISS before angiography were developed
for use in native CA and SMA and not previously stented
arteries, which may affect the number of patients with ISS.
Also, we did not measure the pressure gradient across the
lesions to support the angiographic measurements.
Until new proposed revised duplex scan criteria for
mesenteric stenting are standardized in each vascular labo-
Table VI. Sensitivity, specificity, PPV, NPV, and OA for v
Group () Sensitivity 95% CI S
SMA PSV 337 100 100-100
SMA PSV 344 100 100-100
SMA PSV 352 100 100-100
SMA PSV 375 100 100-100
SMA PSV 378 100 100-100
SMA PSV 412 100 100-100
SMA PSV 415 92 77.8-106.8
SMA PSV 439 85 65-104.2
SMA PSV 456 77 54.0-99.8
SMA PSV 465 69 44.1-94.3
SMA PSV 484 62 35.1-88
SMA PSV 524 62 35.1-88
SMA PSV 564 54 26.8-81
SMA EDV 48 100 100-100
SMA EDV 50 100 100-100
SMA EDV 60 100 100-100
SMA EDV 99 85 65-104.2
SMA EDV 110 85 65-104.2
SMA EDV 113 77 54.0-99.8
SMA EDV 121 69 44.1-94.3
SMA EDV 125 62 35.1-88
S/A PSV ratio 5.36 85 65-104.2
S/A PSV ratio 5.38 85 65-104.2
S/A PSV ratio 6.24 77 54.0-99.8
S/A PSV ratio 6.84 69 44.1-94.3
S/A PSV ratio 8.2 69 44.1-94.3
S/A PSV ratio 8.45 69 44.1-94.3
S/A PSV ratio 10.07 62 35.1-88
S/A PSV ratio 10.64 54 26.8-81
S/A PSV ratio 12.5 46 19.1-73.3
S/A PSV ratio 13.88 39 12.0-64.9
CI,Confidence interval; EDV, end-diastolic velocity; ISS, in-stent stenosis;N
PSV, peak systolic velocity; S/A, SMA/aortic systolic ratio; SMA, superior m
Bold indicates optimal cutoff values for PSV, EDV, and ratios in detecting
Table VII. Optimal cutpoint values for PSV, EDV, and ra
Stenosis
PSV
cutpoint
PSV AUC
(95% CI) SE
EDV
cutpoint
50% SMA 325 0.91 (0.797-1.02) 0.057 30
70% SMA 412 0.97 (0.911-1.03) 0.031 110
50% CA 274 0.99 (0.954-1.02) 0.017 58
70% CA 363 0.96 (0.91-1.02) 0.029 105
AUC, Area under the curve; CA, celiac artery; CI, confidence interval; ED
superior mesenteric artery.ratory, it is mandatory for follow-up duplex ultrasound scan pelocities to be compared with earlier post-stenting veloc-
ties. Obtaining an immediate postoperative duplex ultra-
ound scan after stenting is critical. Persistent progressive
levation of PSVs may be the clue for significant mesenteric
SS and should be clinically managed accordingly.
ONCLUSIONS
There is a tendency toward higher velocities in stented
A/SMAs in comparison to native arteries. Caution must
e exercised when using duplex scan velocity cutpoints of
ative CA/SMA stenosis for stented CA/SMA. Further
s velocity thresholds for detecting 70% SMA ISS
city 95% CI PPV NPV Accuracy
47.5-89.3 68 100 81
53.9-93.5 72 100 84
60.6-97.3 77 100 88
67.8-100.6 81 100 91
75.7-103.3 87 100 94
84.7-104.8 93 100 97
84.7-104.8 92 95 94
84.7-104.8 92 90 91
84.7-104.8 91 86 88
84.7-104.8 90 82 84
84.7-104.8 89 78 81
100-100 100 79 84
100-100 100 76 81
38.6-83.6 65 100 77
44.9-88.4 68 100 81
51.5-92.9 72 100 84
66.2-100.6 79 88 84
74.4-103.4 85 89 87
74.4-103.4 83 84 84
74.4-103.4 82 80 81
74.4-103.4 80 76 77
51.5-92.9 69 87 77
58.6-97 73 88 81
66.1-100.6 77 83 81
74.4-103.4 82 80 81
83.9-105.0 90 81 84
100-100 100 82 87
100-100 100 78 84
100-100 100 75 81
100-100 100 72 77
100-100 100 69 74
gative predictive value;OA, overall accuracy; PPV, positive predictive value;
eric artery.
d SMA ISS.
in detecting 50% and 70% SMA and CA ISS
DV AUC
(95% CI) SE
Ratio
cutpoint
Ratio AUC
(95% CI) SE
(0.642-0.985) 0.088 3.46 0.78 (0.548-1.01) 0.117
(0.771-1.02) 0.064 8.45 0.86 (0.717-1.01) 0.0749
(0.755-1.01) 0.064 3.52 0.94 (0.844-1.04) 0.049
(0.787-1.02) 0.059 5.75 0.96 (0.894-1.02) 0.033
-diastolic velocity; ISS, in-stent stenosis; PSV, peak systolic velocity; SMA,ariou
pecifi
68
74
79
84
90
95
95
95
95
95
95
100
100
61
67
72
83
89
89
89
89
72
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83
89
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100
100
100
100
100
PV, netios
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0.81
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0.90rospective validation studies are needed.
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Fig 1. Receiver operator curve (ROC) for50% superior mesen-
teric artery (SMA) in-stent stenosis (ISS). AUC, Area under the
curve; EDV, end-diastolic velocity; PSV, peak systolic velocity.
Fig 2. Receiver operator curve (ROC) for70% superior mesen-
teric artery (SMA) in-stent stenosis (ISS). AUC, Area under the
curve; EDV, end-diastolic velocity; PSV, peak systolic velocity.Overall responsibility: AAEFERENCES
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